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Abstract
Background: Reports investigating the predictive value of red cell distribution width (RDW) on major cardiac and
cardiovascular event (MACCE) following coronary artery bypass grafting (CABG) have major limitations, including
lack of elimination of common factors affecting RDW levels, such as anemia. The purpose of this study is to identify
the real effect of higher RDW level, free from the other factors, on MACCE following CABG.
Methods: Data of 500 consecutive, non-anemic patients (77.2 % male and mean age 63.05 ± 9.24) undergoing
ONBHCAB between January 2007 and January 2010, were analyzed retrospectively.
Results: Overall MACCE was 7.8 % of all cases. Mean follow-up was 66.5 ± 9.96 months. In multivariate Cox regression
analysis, RDW (P = 0.022) remained the only independent predictor of MACCE and the ROC analyze revealed an RDW
cut-off value of 13.95 % predicting MACCE. Therefore, patients were grouped on this cut-off value. There were 238
patients in the lower RDW group (Group 1) and 262 patients in the higher RDW group (Group 2). Kaplan–Meier survival
analysis of freedom from MACCE revealed significantly lower event free survival in Group 2 (P < 0.001 by the log-rank
test). Group 2 showed a higher MACCE incidence in 1 year (P = 0.030), in 3 years (P < 0.001) and in 6 years (P < 0.001).
The long-term follow-up was similar regarding noncardiovascular mortality.
Conclusion: An RDW level greater than 13.95 % in hospital admission is independently associated with an increased
incidence of MACCE after CABG. Physicians should be more aggressive in the management of these patients.
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Background
As the debate between coronary artery bypass grafting
(CABG) and percutaneous coronary intervention (PCI)
continues to increase, prediction of long-term survival
following surgery has become critical [1, 2]. However,
currently available risk assessment methods of predicting
mortality following CABG have initially focused on the
short term period [3, 4]. Therefore, knowing which
patients should be closely monitored for cardiovascular
events after surgery needs to be clarified.
The red blood cell distribution width (RDW) is a
measurement of the size variation of erythrocytes used
in the differential diagnosis of anemia [5]. Moreover,
elevated RDW levels are shown to have a close relation-
ship with the cardiovascular event in patients with
coronary artery disease (CAD) [6, 7] or even in the
general population [8]. Furthermore, a recent study also
revealed a direct correlation between RDW level and the
saphenous vein graft failure [9].
Several studies have shown a strong correlation
between RDW level and cardiovascular event following
percutaneous coronary intervention (PCI) [10, 11].
Unlike PCI, the medical literature contains relatively few
reports investigating the role of RDW in the prediction of
cardiovascular event following CABG [12, 13]. Moreover,
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these studies have some major limitations, including lack
of elimination of factors affecting RDW level or not to be
performed by a standard surgical technique. The primary
endpoint of this study is to identify the pure effect of
RDW on MACCE, defined as cardiac related or sudden
death, ST elevation myocardial infarction (STEMI), the
need for repeat revascularization and stroke following
on-pump beating heart coronary artery bypass surgery
(ONBHCAB) in a population free from factors affecting
RDW level in hospital admission.
Methods
Study population
The study population consisted of 1044 patients who
underwent elective isolated coronary bypass surgery at
Bursa Medical Park Hospital between January 2007 and
January 2010. The research was conducted according to
the principles of the Declaration of Helsinki.
Exclusion criteria were as follows: critical preoperative
state (need for inotropic drug support or intra-aortic
balloon pumping (IABP), acute renal failure, requiring
respiratory support, history of cardiopulmonary resuscita-
tion in the preoperative period), myocardial infarction (MI)
within 3 weeks (cTnI > 0.01 ng/ml), anemia (13 g/dL
hemoglobin in men and 12 g/dL hemoglobin in women),
hepatic dysfunction (alanine transaminase more than twice
the upper limit of normal), renal dysfunction (creatinine
>1.5 mg/dl) or thyroid dysfunction, thrombocytopenia
(thrombocyte level <150,000/uL) or thrombocytosis
(thrombocyte level >400,000/uL), leukocytosis (white
blood cell level >11,000 /uL) or active infection and
missing data.
Three hundred and thirty three patients were excluded
from the study because they had anemia at admission;
56 patients were excluded due to renal dysfunction; 22
patients were excluded due to MI within 3 weeks; 4
patients were excluded because of thyroid dysfunction;
18 patients were excluded because of thrombocytosis or
thrombocytopenia, 23 patients were excluded due to
leukocytosis or active infection and 88 patients were
excluded due to missing preoperative RDW level or
long-term outcome data. Finally, 500 patients (77.2 %
male and mean age 63.05 ± 9.24) were included in this
retrospective study.
Definitions
Patients’ preoperative characteristics, such as age and
sex, smoking status, hypertension, diabetes mellitus
(DM), hyperlipidemia, family history of CAD, obesity
(the body mass index >30 kg/m2), chronic obstructive
pulmonary disease (COPD), history of stroke, peripheral
vascular disease (PVD), asymptomatic carotid stenosis,
history of myocardial infarction (MI), unstable angina
pectoris (USAP), EuroSCORE II (European System for
Cardiac Operative Risk Evaluation) risk score, left ven-
tricular dysfunction, mitral insufficiency, history of PCI,
the number of vessel disease, the presence of left main
coronary artery (LMCA) stenosis were recorded.
The diagnosis of DM was based on previous history of
diabetes or fasting plasma glucose ≥126 mg/dl or
hemoglobin A1C ≥6.5 %. The diagnosis of hyperlipid-
emia was based on previous history or total choles-
terol ≥200 mg/dl or LDL ≥130. Anemia was defined
as a baseline hemoglobin (Hb) concentration less
than 13 mg/dl in men and less than 12 mg/dl in
women, in accordance with the World Health
Organization criteria. Vessel disease was defined by a
stenosis of >50 % of major epicardial coronary arter-
ies. Estimated creatinine clearance (CrCl) was
calculated using the Cockcroft-Gault formula: CrCl
(ml/min) = ([140-age] x weight [kg]) /(serum creatin-
ine [mg/dl] x 72) (x 0.85 for women) from baseline
blood samples. The diagnosis of COPD was based on
previous history of bronchodilatator treatment or the
FEV1/FVC ratio <0.70. Asymptomatic carotid sten-
osis was defined as Doppler duplex sonography re-
vealed a greater than 50 % in the internal carotid
artery. PVD was defined as arterial disease affecting
the non-carotid vasculature. The left ventricular dys-
function was defined moderate (EF, 0.30 to 0.49) or
severe (EF <0.30).
Preoperative and postoperative laboratory tests and out-
comes were retrospectively collected from the hospital re-
cords. Complete revascularization was defined as
treatment of all major coronary arteries ≥50 % diameter
stenosis. Number of concomitant endarterectomy per
anastomosis was calculated. Drainage was defined as the
sum of the mediastinal and chest tubes’ drainage in the
first 24 h. Consumed unit of blood was defined as the
sum of the blood unit used during the hospital stay. Any
inotropic support started in the perioperative period, even
low-dose of dopamine infusion, was determined as the
perioperative need for inotropic support. Perioperative
non-ST elevation MI (NSTEMI) was defined as cardiac
Troponin I (cTnI) >5 μg/L during the hospital stay without
new electrocardiography ECG change [14]. Perioperative
STEMI was defined as cardiac Troponin I (cTnI) >5 μg/L
during the hospital stay with new ECG change or echocar-
diography evidence of new regional wall motion abnor-
mality. Postoperative renal failure was defined as an
increase ≥100 % in basal serum creatinine. Pulmonary
complication was defined as pleural effusion, atelectasis,
phrenic nerve paralysis, diaphragmatic dysfunction, pneu-
monia, acute respiratory distress syndrome, pneumo-
thorax or chylothorax. Neurologic complication was
defined as any new TIA, stroke or encephalopathy occur-
ring in the perioperative period. Early reoperation was
defined as any hospitalization due to CABG-related
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complications (such as sternal dehiscence, mediastinitis)
or cardiovascular problems (such as MI, congestive heart
failure, rhythm disturbance, neurologic complications,
pulmonary embolism).
Long-term follow-up was obtained through clinic
visits, hospital records and phone calls. All-cause mor-
tality (patient death reported by patients’ relatives or
hospital records) and MACCE (STEMI, repeat coronary
revascularization (repeat CABG or PCI), stroke, cardiac
related or sudden death) was determined.
Surgical procedures
All procedures were performed by the same surgeon or
under his supervision using the ONBHCAB technique.
Classic median sternotomy, left internal thoracic artery
(LIMA) harvesting and other conduits’ preparations were
performed by a standard technique. Heparin was adminis-
tered to keep the activated clotting time (ACT) greater
than 450 s during surgery. All procedures were performed
without using an aortic cross-clamping and cardioplegia.
Cardiopulmonary bypass (CPB) was established with an
ascending aortic arterial cannula and a right atrial two
stage venous cannula, using a membrane oxygenator and
a roller pump. All patients were cooled to 32–34 °C. Mean
arterial blood pressure was maintained in the range of
60–90 mmHg. Distal anastomoses were performed by
end-to-side or side-to-side techniques with a running 7/0
prolene suture, using a myocardial stabilizer device (Octo-
pus IV, Medtronic Inc., Minneapolis, MN, US). Proximal
anastomoses were performed using 6/0 prolene suture
during the heating period with the assistance of ascending
aortic side-clamp. After the completion of CPB and can-
nula removal, heparin was neutralized with protamine
providing an ACT less than 160 s. Acetylsalicylic acid at a
dose of 100 mg and low molecular-weight heparin was
initiated on the postoperative 24th hours. All the patient
was discharged under acetylsalicylic acid therapy.
Laboratory analysis and echocardiography
In all patients, RDW and all other hematological indices
were measured, as part of the automated complete
blood count (CBC), using a Cell-Dyn 3700 Hematology
Analyzer (Abbott Diagnostics, Santa Clara, CA, USA).
The reference range for RDW was 10–15 %. Biochem-
ical analyzes were performed with the Architect ci8200
Chemistry Analyzer (Abbott Diagnostics, Santa Clara,
CA, USA).
Transthoracic echocardiography was performed for each
patient before surgery using a Vivid S3 (GE Healthcare,
Milwaukee, WI, USA) with a 1.5–3.6 MHz phased array
transducer. The left ventricular ejection fraction (LVEF)
was measured using the modified Simpson’s rule [15].
Clinical endpoints
The primary endpoint of this study is to identify the
effect of RDW on early and late MACCE, defined as
cardiac related or sudden death, STEMI, the need for
repeat revascularization and stroke following CABG in
patients who have not any factor affecting RDW level in
hospital admission. The secondary endpoints were to
identify independent predictors of MACCE in patient
undergoing ONBHCAB and the effect of RDW on in-
hospital morbidity.
Statistical analysis
Continuous variables were expressed as mean ± standard
deviation. Categorical variables are expressed as percent-
ages. The Mann–Whitney U test was used to compare
nonparametric continuous variables, the Student’s t-test
was used to compare parametric continuous variables and
the chi-square test was used to compare categorical vari-
ables. The cumulative survival curves for long term
MACCE was constructed with the use of the Kaplan-Meier
method, whereas differences between the RDW groups
were evaluated with log-rank tests. The receiver operating
characteristics (ROC) curve was used to detect optimal
cut-off value for predicting MACCE. Cox regression ana-
lysis was performed to determine independent predictors
of MACCE, with those variables with a P-value of <0.05 in
the univariate analysis being included in the stepwise multi-
variate model. The hazard ratio (HR) and 95 % confidence
intervals (CI) were calculated. The association between var-
iables was tested using Spearman or Pearson’s correlation
coefficient. Two-tailed p values < 0.05 were considered as
significant. All statistical analyses were conducted out using
the Statistical Package for Social Sciences (SPSS) program
(version 15.0, SPSS, Chicago, Illinois, USA).
Results
The variables for which the p value was <0.05 in univariate
Cox analysis (age, EuroScore II, hypertension, preopera-
tive RDW value, asymptomatic carotid artery stenosis,
average number of vessel disease, three vessel disease,
family history of CAD, previous MI, duration of hospital
stay, duration of ICU stay, prolonged respiratory period,
the mean number of red blood cell transfusion units,
rehospitalization) were identified as potential risk factors for
MACCE (Table 1) and these variables were analyzed with
multivariate Cox regression model. In multivariate Cox
regression analyses, RDW (hazard ratio (HR) 1.227, <95 %
CI 1.052–1.430; P = 0.009) remained the only independent
predictor of MACCE following ONPBHCAB (Table 1).
The ROC curves of RDW revealed that an RDW
>13.95 % measured on admission had 80.6 % sensitivity
and 50.2 % specificity in predicting MACCE after ONBH-
CAB (Fig. 1). Therefore, we divided the study population
into two groups according to this cut-off value.
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After the evaluation of the patients’ data according to
our inclusion and exclusion criteria, 500 patients were in-
cluded in this study. There were 238 patients (mean age
60.76 ± 9.3 and 80.3 % male) in the lower RDW group
(Group 1) and 262 patients (mean age 65.13 ± 8.68 and
74.4 % male) in the higher RDW group (Group 2).
Table 1 Effects of multiple variables on the MACCE in Cox Regression analysis
Univariate Analysis Multivariate Analysis
Characteristics HR 95 % CI P HR 95 % CI P
Age (years) 1.063 1.026–1.102 0.001* 1.024 0.974–1.076 0.36
Male Sex 1.038 0.491–2.192 0.92
Obesity 1.444 0.701–2.977 0.31
CrCL 0.99 0.978–1.001 0.08
hs-CRP 1.003 0.994–1.013 0.51
RDW 1.175 1.044–1.322 0.007* 1.227 1.052–1.430 0.009*
Hg 0.755 0.472–1.209 0.24
EuroSCORE II 1.099 1.043–1.159 <0.001* 1.069 0.955–1.1197 0.24
USAP 0.941 0.457–1.937 0.87
History of MI (>21 days) 1.952 1.017–3.749 0.044* 2.135 0.934–4.883 0.07
History of PCI-CABG 0.496 0.123–2.007 0.32
Current smoker 0.630 0.322–1.232 0.17
Family history of CAD 0.399 0.175–0.905 0.028* 0.450 0.185–1.091 0.07
Diabetes mellitus 1.155 0.591–2.259 0.67
Hyperlipidemia 0.928 0.451–1.911 0.84
Hypertension 2.391 1.206–4.738 0.013* 2.064 0.967–4.404 0.06
COPD 1.630 0.578–4.594 0.35
Asymtomatic Carotid Stenosis 2.206 1.101–4.420 0.026* 1.353 0.579–3.159 0.48
PVD 0.947 0.242–3.708 0.93
History of Stroke 1.131 0.155–8.260 0.90
LMCA stenosis 1.957 0.896–4.272 0.09
Average number of vessel disease 2.238 1.081–4.633 0.030* 1.275 0.162–10.031 0.81
Three vessel disease 2.728 1.141–6.524 0.024* 1.664 0.126–22.034 0.69
Severe left ventricular dysfunction 1.481 0.455–4.821 0.51
Mitral insufficiency 1.873 0.824–4.253 0.13
Number of distal anastomosis 1.396 0.998–1.953 0.05
Endarterectomy per anastomosis 1.358 0.715–2.577 0.35
Duration of hospital stay 1.143 1.072–1.218 <0.001* 1.070 0.935–1.224 0.32
Prolonged respiratory period 3.673 2.109–6.398 <0.001* 2.417 0.466–12.551 0.29
Duration of ICU stay 1.020 1.009–1.032 <0.001* 1.002 0.969–1.035 0.92
Perioperative AF 2.026 0.926–4.421 0.07
Perioperative MI 0.993 0.352–2.804 0.99
Pulmonary Complication 1.451 0.793–2.655 0.22
Perioperative Renal Failure 1.880 0.890–3.973 0.09
Cerebrovascular Complication 1.465 0.519–4.130 0.47
Mean number of blood unit 1.204 1.008–1.438 0.041* 0.851 0.618–1.197 0.24
Rehospitalization 1.789 1.014–3.157 0.045* 1.823 0.925–3.592 0.08
*Statistically significant difference. Values are presented as mean ± standard deviation or number (%), where appropriate. AF atrial fibrillation, CAD coronary artery
disease, CI confidence interval, COPD chronic obstructive pulmonary disease, CrCL creatinin clearance, hs-CRP high sensitive C-reactive protein, EuroSCORE II European
System for Cardiac Operative Risk Evaluation, Hg haemoglobin level, HR hazard ration, ICU intensive care unit, LMCA left main coronary artery, MACCE major cardiac and
cerebrovascular event, MI myocardial infarction, MPV mean platelet volume, OR odds ratio, PCI percutaneous coronary intervention, PVD peripheral vascular disease,
RDW red blood cell distribution width, USAP unstabil angina pectoris
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Baseline characteristics are shown in Table 2. The
preoperative characteristics of the groups were similar
regarding sex, obesity, hypertension, hyperlipidemia, family
history of CAD, COPD, DM, history of stroke, peripheral
vascular disease, asymptomatic carotid stenosis, history of
MI, moderate and severe LV dysfunction, USAP, previous
PCI, LMCA stenosis and three vessel diseases. With respect
to baseline laboratory status, the RDW levels on admission
were significantly higher (P < 0.001) and hemoglobin level
was significantly lower (P < 0.001) in Group 2, while there
was no significant difference in high sensitive C-reactive
protein level (hs-CRP) between groups.
The patients with higher RDW values were significantly
older (Group 1, 60.76 ± 9.3 years; Group 2, 65.13 ± 8.68;
P < 0.001) or had significantly higher mean EuroScore II
(Group 1, 3.02 ± 3.07; Group II, 3.87 ± 3.38; P < 0.001),
higher mean number of vessel disease (Group 1, 2.51 ±
0.7 years; Group 2, 2.65 ± 0.59; P = 0.032) or more mild
mitral insufficiency (Group 1, 17 (7.1 %); Group 2, 38
(14.5 %); P = 0.009) or lower mean CrCL (Group 1,
105.07 ± 34.08; Group 2, 94.36 ± 31.03; P = 0.001). The
patients with lower RDW had a significantly higher current
smoker (Group 1, 117 (49.2 %); Group 2, 104 (39.7 %);
P = 0.033).
Peri-operative and early post-operative patients’ charac-
teristics are shown in Table 3. The perioperative and early
postoperative characteristics of the two groups were
similar regarding complete revascularization, mean num-
ber of grafted LAD or CX or RCA, early re-operation,
early rehospitalization, stroke, pulmonary complication,
perioperative MI, perioperative AF, mediastinitis and early
mortality or MACCE. The patients with higher RDW
values showed significantly more mean distal anastomosis
per patient (Group 1, 3.31 ± 0.4; Group 2, 3.53 ± 0.87;
P = 0.011), longer duration of hospital stay (Group 1, 5.5 ±
1.98; Group 2, 6.12 ± 2.54; P < 0.001), more postoperative
drainage (Group 1, 487.6 ± 313 ml/24 h, Group 2, 537.7 ±
293 ml/24 h; P = 0.012), higher need of blood transfusion
(Group 1, 0.9 ± 1.4 unit; Group 2, 1,64 ± 1.48 unit; P <
0.001), higher need of inotropic agent (Group 1, 7 (2.9);
Group 2, 22 (8.4 %), P = 0.009), more neurological compli-
cation (Group 1, 6 (2.5 %); Group 2; 33 (12.6 %); P <
0.001), more encephalopathy (Group1, 2 (0.8 %); Group 2,
11 (4.2 %); P = 0.019) or TİA (Group 1, 4 (1.7); Group 2,
20 (7.6 %); P = 0.002) and more perioperative renal failure
(Group 1, 20 (8.4); Group 2, 54 (20.6); P < 0.001).
Six-year follow-up characteristics of patients are shown
in Table 4. The higher RDW group showed a significantly
lower MACCE free survival (Group 1, 67.68 ± 8.54 months;
Group 2, 63.19 ± 14.76 months; P < 0.001), higher MACCE
in 1 year (Group 1, 2 (0.8 %); Group 2, 10 (3.8 %);
P = 0.030), in 3 years (Group 1, 2 (0.8 %); Group 2,
21 (8 %); P < 0.001) and in 6 years (Group 1, 8 (3.4 %);
Group 2, 31 (11.8 %); P < 0.001). Moreover, patients with
higher RDW values showed higher all-cause mortality in 6
years (Group 1, 7 (2.9 %); Group 2, 22 (8.4 %); P = 0.009),
more STEMI (Group 1, 1 (0.4 %); Group 2, 7 (2.7 %);
P = 0.045) and TIA (Group 1, 5 (2.1 %); Group 2, 24
(9.2 %); P = 0.001). The long term follow-up of the two
groups was similar regarding stroke, late reintervention and
noncardiovascular mortality. Accordingly, Kaplan–Meier
analysis of freedom from MACCE revealed significantly
Fig. 1 The receiver-operating characteristic (ROC) curve of RDW for predicting MACCE (RDW: red cell distribution width, AUC: area under curve,
CI: confidence interval)
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lower event-free survival in the higher RDW group (Group
1, 96.6 %; Group 2, 85.6 %; P < 0.001 by the log-rank test)
(Fig. 2).
Discussion
In this study, we showed for the first time that baseline
RDW levels were independently associated with mid and
long-term, but not short-term, MACCE following CABG
especially in a non-anemic population. The strengths of
our analysis include elimination of common factors
affecting RDW levels, the use of a single hematology
analyzer for all assays and also the use of a standard
surgical technique.
Despite, the traditional usage of RDW has been re-
stricted to differential diagnosis of anemia, [5, 16] elevated
RDW levels were found to be strongly correlated with
cardiovascular event following PCI [7, 10] or acute MI [7]
and also in patients with heart failures [17] or in the
general population [18]. Furthermore, situations which
have prognostic importance in cardiovascular disease such
as decreased kidney function, [19] SYTAX score, [20]
carotid stenosis [21] were found to be closely associated
with increased RDW levels. RDW reflects the anisocytosis
which is caused by both impaired erythropoiesis and
abnormal red blood cell survival due to a variety of
underlying metabolic abnormalities such as oxidative
stress, inflammation, poor nutritional status, hyperlipid-
emia, hypertension, erythrocyte fragmentation and
alteration of erythropoietin function [22]. Therefore, the
mechanism underlying increased RDW level, especially in
non-anemic population seems to be closely related with
cardiovascular risk factors.
Table 2 Baseline demographic and clinical parameters according to RDW levels
Characteristics Overall n = 500 RDW< 13.95 n = 238 (47.6) RDW > 13.95 n = 262 (52.4) p-value
Age (years) 63.05 ± 9.24 60.76 ± 9.3 65.13 ± 8.68 <0.001*
Male 386 (77.2) 191 (80.3 %) 195 (74.4) 0.12
Hg 13.19 ± 0.65 13.31 ± 0.62 13.07 ± 0.65 <0.001*
RDW 14.32 ± 1.72 13.14 ± 0.53 15.39 ± 1.74 <0.001*
MPV 10.08 ± 1.15 9.93 ± 1.29 10.21 ± 1 0.012*
hs-CRP 15.77 ± 29.3 13.34 ± 21.59 17.96 ± 34.74 0.17
CrCL 99.7 ± 32.98 105.07 ± 34.08 94.36 ± 31.03 0.001*
EuroScore II 3.46 ± 3.26 3.02 ± 3.07 3.87 ± 3.38 <0.001*
Obesity (BMI≥ 30) 134 (26.8) 62 (26.1) 72 (27.5) 0.38
Current Smoker 221 (44.2) 117 (49.2) 104 (39.7) 0.033*
Hypertension 240 (48) 109 (45.8) 131 (50) 0.34
Hyperlipidemia 137 (27.4) 62 (26.1) 75 (28.6) 0.52
Family history of CAD 174 (34.8) 90 (37.8) 84 (32.1) 0.17
Diabetes Mellitus 156 (31.2) 70 (29.4) 86 (32.8) 0.41
COPD 34 (6.8) 13 (5.5) 21 (8) 0.25
History of Stroke 13 (2.6) 4 (1.7) 9 (3.4) 0.22
PVD 25 (5) 8 (3.3) 17 (6.5) 0.11
Asymtomatic Carotid Stenosis 86 (18.2) 32 (14.5) 54 (21.5) 0.048*
History of MI 125 (25) 59 (24.8) 66 (25.2) 0.92
Moderate LV dysfunction 27 (135) 64 (26.9) 71 (27.1) 0.95
Severe LV dysfunction 29 (5.8) 12 (5) 17 (6.5) 0.63
Mild mitral insufficiency 55 (11) 17 (7.1) 38 (14.5) 0.009*
USAP 139 (27.8) 68 (28.6) 71 (27.1) 0.71
Previous PCI 46 (9.2) 20 (8.4) 26 (9.9) 0.55
Number of vessel disease 2.58 ± 0.65 2.51 ± 0.7 2.65 ± 0.59 0.032*
LMCA stenosis 83 (16.6) 37 (15.5) 46 (17.6) 0.50
Three Vessel disease 336 (67.2) 150 (63) 186 (71) 0.06
*Statistically significant difference. Values are presented as mean ± standard deviation or number (%), where appropriate. CAD coronary artery disease, CrCL
creatinin clearance, COPD chronic obstructive pulmonary disease, Hb haemoglobin, hs-CRP C-reactive protein, EuroSCORE II European System for Cardiac Operative
Risk Evaluation, DM diabetes mellitus, LMCA left main coronary artery, LV left ventricule, MI myocardial infarction, MPV mean platelet volume, n number, PCI percu-
taneous coronary intervention, PVD peripheral vascular disease, RDW red blood cell distribution width, TIA transient ischemic attack, USAP unstabil angina pectoris
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Although the prognostic value of RDW in cardiovascu-
lar events following PCI are well known, [7, 10, 11, 23, 24]
the effect of RDW on MACCE in the CABG patients has
not been adequately evaluated [12, 13]. We revealed that
the increased RDW level is associated factors affecting
severity and complexity of atherosclerosis such as,
increased age, higher mean number of vessel disease,
higher asymptomatic carotid stenosis and lower circle,
similar to previous studies [19–22]. Moreover, hyperten-
sion, age, three vessel disease, asymptomatic carotid sten-
osis were found to be predictors of MACCE following
CABG in univariate analysis. Benedetto U [12] et al.
showed that higher RDW levels are associated with
increased CRP level as an inflammatory marker in CABG
patients. However, in contrast to previous studies we have
not shown any correlation with RDW and CRP level [12,
22]. This finding might be related to the exclusion of
patients with active infection and leukocytosis, unlike
previous studies. This suggests that inflammation is not
the major mechanism for the increased incidence of
MACCE in the present study.
Correlated to report of Warwick et al., [13] we also re-
vealed that higher RDW levels were related to signifi-
cantly more postoperative drainage and need for blood
units. However, in their study anemia limit was 11 g/dl
for both genders, which might affect their finding. It is
clear that the blood damage is an unavoidable side effect
of extracorporeal circulation, because of this the require-
ment of erythropoiesis increases following on-pump
CABG. Higher levels of RDW within the normal range
indicate accelerated red blood cell destruction or, more
commonly, ineffective erythropoiesis [5]. Therefore,
Table 3 Perioperative and early postoperative characteristics of the patients stratified by RDW levels
Characteristics Overall n = 500 RDW< 13.95 n = 238 (47.6) RDW > 13.95 n = 262 (52.4) p
Number of distal anastomoses 3.43 ± 0.93 3.31 ± 0.4 3.53 ± 0.87 0.011*
Complete Revascularization 486 (97.2) 230 (96.6) 256 (97.7) 0.47
Number of grafted LAD 1.67 ± 0.57 1.64 ± 0.56 1.7 ± 0.58 0.28
Number of grafted Cx 0.97 ± 0.65 0.93 ± 0.65 1.01 ± 0.66 0.10
Number of grafted RCA 0.77 ± 0.53 0.74 ± 0.54 0.79 ± 0.52 0.23
Endarterectomy (per anastomosis) 64 (3.72) 28 (3.54) 36 (3.88) 0.43
Duration of hospital stay (days) 5.82 ± 2.31 5.5 ± 1.98 6.12 ± 2.54 <0.001*
Prolonged respiratory period (>12 h) 3 (0.6) 1 (0.4) 2 (0.8) 0.62
Duration of intensive care unit (h) 20.62 ± 14 20.92 ± 17.9 20.34 ± 9.17 0.40
Drainage (ml/24 h) 513.9 ± 303.5 487.6 ± 313 537.7 ± 293,4 0.012*
Blood transfusion (unit) 1.29 ± 1.49 0.9 ± 1.4 1,64 ± 1.48 <0.001*
Perioperative need for inotropic support 29 (5.8) 7 (2.9) 22 (8.4) 0.009*
Perioperative need for IABP 3 (0.6) 3 (1.3) 1 (0.4) 0.27
Perioperative NSTEMI 57 (11.4) 27 (11.3) 30 (11.5) 0.75
Perioperative AF 62 (12.4) 30 (12.6) 32 (12.2) 0.89
Perioperative Renal failure 74 (14.8) 20 (8.4) 54 (20.6) <0.001*
Pulmonary complication 9 (1.8) 3 (1.3) 6 (2.3) 0.38
Neurological complication 39 (7.8) 6 (2.5) 33 (12.6) <0.001*
Encephalopathy 13 (2.6) 2 (0.8) 11 (4.2) 0.019*
TIA 24 (4.8) 4 (1.7) 20 (7.6) 0.002*
Stroke 2 (0.4) 0 2 (0.8) 0.17
Mediastinitis 3 (0.6) 2 (0.8) 1 (0.4) 0.50
Early Re-operation 13 (2.6) 3 (1.2) 10 (3.8) 0.07
Early Re-operation due to bleeding 9 (1.8) 2 (0.8) 7 (2.7) 0.12
Early Rehospitalisation (<30 days) 45 (9) 17 (7.1) 28 (10.7) 0.32
Mortality (<30 days) 2 (0.4) 1 (0.4) 1 (0.4) 0.94
MACCE (<30 days) 4 (0.8) 1 (0.4) 3 (1.2) 0.36
*Statistically significant difference. Values are presented as mean ± standard deviation or number (%), where appropriate. AF Atrial fibrillation, Cx circumflex
coronary artery, FFP fresh frozen plasma, IABP intra aortic balloon pump, LAD left anterior descending coronary artery, LIMA left internal mammary artery, MACCE
major cardiac and cerebrovascular event, MI myocardial infarction, NSTEMI non-ST elevation MI, RCA right coronary artery, RDW red blood cell distribution width,
RİMA right internal mammary artery, TIA transient ischemic attack
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increased need for blood transfusion might be explained
by the combined effect of CPB and impaired erythropoi-
esis. Further studies are needed to evaluate the impact of
increased RDW on blood transfusion in patient under-
going off pump CABG (OPCAB).
A previous study showed that higher RDW levels are
related to increased reperfusion injury following PCI
[25]. Accordingly, we revealed that higher RDW levels
are associated with the more inotropic support need
even similar baseline LV dysfunction or perioperative
Table 4 Long-term outcomes of the patients, according to RDW levels
Characteristics Overall N = 500 RDW< 13.95 n = 238 (47.6) RDW > 13.95 n = 262 (52.4) p
Mean follow-up time (mounth) 66.5 ± 9.96 67.69 ± 8.54 65.43 ± 11 0.004*
MACCE Free Survival 65.33 ± 12.4 67.68 ± 8.54 63.19 ± 14.76 <0.001*
MACCE (1 year) 12 (2.4) 2 (0.8) 10 (3.8) 0.030*
MACCE (3 year) 23 (4.6) 2 (0.8) 21 (8) <0.001*
MACCE (6 year) 39 (7.8) 8 (3.4) 31 (11.8) <0.001*
STEMI 8 (1.6) 1 (0.4) 7 (2.7) 0.045*
Total Stroke 9 (1.8) 2 (0.8) 7 (2.7) 0.12
Total TIA 29 (5.8) 5 (2.1) 24 (9.2) 0.001*
Late reintervention 13 (2.6) 4 (1.7) 9 (3.4) 0.22
Stent 12 (2.4) 4 (1.7) 8 (3.1) 0.31
Redo-CABG 1 (0.2) 0 1 (0.4) 0.34
All-cause mortality 29 (5.8) 7 (2.9) 22 (8.4) 0.009*
Cardiovascular mortality 19 (3.8) 4 (1.7) 15 (5.3) 0.018*
Non-Cardiovascular mortality 10 (2) 3 (1.3) 7 (2.7) 0.26
*Statistically significant difference. Values are represented as mean ± standard deviation and number (%), where appropriate. MACCE major cardiac and cerebrovascular
event, STEMI ST elevation MI, TIA Transient ischemic attack
Fig. 2 Kaplan–Meier Estimates of Free Survival from Cardiovascular Death, Stroke, Myocardial Infarction and Repeated Coronary Revascularization
(P < 0.001 by the log-rank test)
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cTnI levels between groups. As all the patients have
operated under the supervision of one experienced
surgeon using ONPBH technique. This temporary post-
operative ventricular dysfunction and the need for ino-
tropic support might be explained that higher RDW
levels might be associated with increased reperfusion
injury frequency due to microvascular dysfunction or
non-reflow phenomenon in patients undergoing coron-
ary bypass surgery.
As preoperative CrCL levels were significantly lower,
preoperative renal failure was significantly more detected
in the higher RDW group. Even though patients with
abnormal creatine level were excluded from our study,
the higher RDW level might be a predictor of hidden
renal failure, as Lippi G. et al. [19] reported. Moreover,
perioperative encephalopathy and TIA are significantly
more detected correlated with more preoperative asymp-
tomatic carotid stenosis in the higher RDW group. How-
ever, no difference detected between groups in terms of
perioperative stroke.
Unlike the previous studies in CABG patients, higher
RDW levels were found not to be associated with in hos-
pital mortality or early MACCE following CABG [12, 13].
However, these findings might be affected by the relatively
small sample size. Correlated with the previous publica-
tions the patients with higher RDW levels showed a sig-
nificantly lower MACCE free survival, and also higher
MACCE in 1 year, in 3 years and in 6 years. Furthermore,
we found that the non-cardiovascular mortality is not
associated with higher RDW levels in CABG patients,
unlike cardiovascular mortality. Therefore, the higher
all-cause mortality seems to be mainly affected by cardio-
vascular mortality. As many chronic and inflammatory
diseases cause anemia, elimination of anemic patients
might decrease the non-cardiovascular mortality. A recent
study conducted on non-anemic patients with a history of
CABG revealed a direct correlation between RDW level
and the saphenous vein graft failure and similar to our
finding the mean increased RDW level was detected
between the normal range [9]. Further studies are needed
to elucidate the mechanism of RDW impact on long-term
MACCE in patient undergoing CABG.
Possible limitations of the present study are: First, the
study was conducted in a single center and included a
relatively small number of patients. However, our
population contains homogeneous, non-anemic CABG
patients submitted to ONPBH under the same experi-
enced surgeon supervision; therefore, the factors which
interact with RDW level or frequency of MACCE due to
differences in surgical technique were excluded. Second,
excluding anemic patients and patients with renal or
hepatic or thyroid dysfunction caused to eliminate
approximately half of the population, which caused a
significant reduction of the sample size. However, this
elimination gave us the opportunity to realize real rela-
tionship between RDW levels and MACCE in patient
undergoing CABG, unlike the previous studies [12, 13].
Third, the single center nature also ensured that all the
blood samples were studied with the same hematology
analyzer securing the reference value changes.
Conclusion
An RDW level greater than 13.95 % is independently
associated with risk of MACCE following coronary
bypass surgery in the long term. Moreover, it also
predicts increased perioperative morbidity. We believe
that RDW level, which is a simple tool routinely used
in daily clinical practice as a part of the CBC, might
be used as a predictor of MACCE and patient with
higher RDW supposed to be under more frequent
control against cardiovascular events. As we elimi-
nated other factors increasing RDW level, 13.95 might
be accepted as a threshold for cardiovascular events.
Therefore, further studies with larger sample size are
needed to determinate a certain cut-off value for
RDW level and to test the effect of RDW on OPCAB
surgery.
Abbreviations
ACT: activated clotting time; AF: atrial fibrillation; CABG: coronary artery
bypass graft; CAD: coronary artery disease; COPD: chronic obstructive
pulmonary disease; CPB: cardiopulmonary bypass; CrCl: creatinine clearance;
cTnI: cardiac Troponin I; Cx: circumflex coronary artery; DM: diabetes mellitus;
ECG: electrocardiography; EF: ejection fraction; EuroSCORE II: European
System for Cardiac Operative Risk Evaluation; FEV1: forced expiratory volume
in 1 second; FVC: the forced vital capacity; Hb: hemoglobin; IABP: İntra-aortic
balloon pumping; ICU: intensive care unit; LAD: left anterior descending
artery; LIMA: left internal mammary artery; LMCA: left main coronary artery;
MACCE: major adverse cardiac and cerebrovascular events; MI: myocardial
infarction; NSTEMI: non-ST elevation MI; ONBHCAB: on-pump beating-heart
CABG; OR: odds ratio; PCI: percutaneous cardiac intervention; PVD: peripheral
vascular disease; RCA: right coronary artery; RDW: red blood cell distribution
width; RIMA: right internal mammary artery; ROC: receiver operating
characteric; STEMI: ST elevation MI; TIA: transient ischemic attack.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
OG and GK designed the study. IHK, HO and GK carried out studies
searching and performed the eligibility assessments. AE and OG evaluated
the qualities of the included studies and carried out data extracting. AE and
OG analyzed and interpreted the data. OG drafted the manuscript. AE and SE
made a critical revision of the manuscript for important intellectual content.
All authors read and approved the final manuscript.
Author details
1Department of Cardiovascular Surgery, Balikesir University, School of
Medicine, 10010 Balikesir, Turkey. 2Department Of Cardiology, Bahcesehir
University Faculty of Medicine, Istanbul, Turkey. 3Department of
Cardiovascular Surgery, Samsun Hospital for Education and Research, Ilkadim
55090 Samsun, Turkey. 4Department of Cardiovascular Surgery, Acıbadem
Bursa Hospital, Bursa, Turkey.
Received: 30 June 2015 Accepted: 5 April 2016
Gurbuz et al. Journal of Cardiothoracic Surgery  (2016) 11:48 Page 9 of 10
References
1. Brener SJ, Lytle BW, Casserly IP, Schneider JP, Topol EJ, Lauer MS.
Propensity analysis of long-term survival after surgical or percutaneous
revascularization in patients with multivessel coronary artery disease and
high-risk features. Circulation. 2004;109:2290–5.
2. Palmerini T, Genereux P, Caixeta A, Cristea E, Lansky A, Mehran R, Dangas G,
Lazar D, 374 Sanchez R, Fahy M, Xu K, Stone GW. Prognostic value of the
SYNTAX Score in patients with acute coronary syndromes undergoing
percutaneous coronary intervention analysis from the ACUITY (Acute
Catheterization and Urgent Intervention Triage StrategY) trial. J Am Coll
Cardiol. 2011;57:2389–97.
3. Nashef SA, Roques F, Sharples LD, Nilsson J, Smith C, Goldstone AR,
Lockowandt U. EuroScore II. Eur J Cardiothorac Surg. 2012;41(4):734–44.
4. Shahian DM, O’Brien SM, Filardo G, Ferraris VA, Haan CK, Rich JB, Normand SL,
381 DeLong ER, Shewan CM, Dokholyan RS, Peterson ED, Edwards FH,
Anderson RP. The society of thoracic Surgeons 2008 cardiac surgery risk
models: Part 1-coronary artery bypass grafting surgery. Ann Thorac Surg. 2009;
88(1 Suppl):S2–22.
5. McKenzie SD. Introduction to anemia. In: McKenzie SD, editor. Clinical
Laboratory Hematology. Saddle River: Pearson Prentice-Hall; 2003. p. 161–88.
6. Osadnik T, Strzelczyk J, Hawranek M, Lekston A, Wasilewski J, Kurek A,
Gutowski AR, 388 Wilczek K, Dyrbuś K, Gierlotka M, Wiczkowski A, Gąsior M,
Szafranek A, Poloński L. Red cell distribution width is associated with long-
term prognosis in patients with stable coronary artery disease. BMC
Cardiovasc Disord. 2013;13:113.
7. Uyarel H, Ergelen M, Cicek G, Kaya MG, Ayhan E, Turkkan C, Yıldırım E,
Kırbas V, 392 Onturk ET, Erer HB, Yesilcimen K, Gibson CM. Red cell
distribution width as a novel prognostic marker in patients undergoing
primary angioplasty for acute myocardial infarction. Coron Artery Dis.
2011;22:138–44.
8. Skjelbakken T, Lappegård J, Ellingsen TS, Barrett-Connor E, Brox J, Løchen ML,
Njølstad 396 I, Wilsgaard T, Mathiesen EB, Brækkan SK, Hansen JB.. Red cell
distribution width is associated with incident myocardial infarction in a general
population: the Tromsø Study. J Am Heart Assoc. 2014;18:3(4).
9. Akyel A, Celik IE, Oksüz F, Cay S, Karadeniz M, Kurtul A, Ocek AH, Murat SN.
Red blood cell distribution width in saphenous vein graft disease. Can J
Cardiol. 2013;29:448–51.
10. Poludasu S, Marmur JD, Weedon J, Khan W, Cavusoglu E. Red cell
distribution width (RDW) as a predictor of long-term mortality in
patients undergoing percutaneous coronary intervention. Thromb
Haemost. 2009;102:581–7.
11. Tsuboi S, Miyauchi K, Kasai T, Ogita M, Dohi T, Miyazaki T, Yokoyama T,
Kojima T, 405 Yokoyama K, Kurata T, Daida H. Impact of red blood cell
distribution width on long-term mortality in diabetic patients after
percutaneous coronary intervention. Circ J. 2013;77:456–61.
12. Benedetto U, Angeloni E, Melina G, Pisano C, Lechiancole A, Roscitano A,
Pooley M, Comito C, Codispoti M, Sinatra R. Red blood cell distribution
width predicts mortality after coronary artery bypass grafting. Int J Cardiol.
2013;165:369–71.
13. Warwick R, Mediratta N, Shaw M, McShane J, Pullan M, Chalmers J, Poullis M.
Red cell distribution width and coronary artery bypass surgery. Eur J
Cardiothorac Surg. 2013;43:1165–9.
14. Lim CC, Cuculi F, van Gaal WJ, Testa L, Arnold JR, Karamitsos T,
Francis JM, Digby JE, 414 Antoniades C, Kharbanda RK, Neubauer S,
Westaby S, Banning AP. Early diagnosis of perioperative myocardial
infarction after coronary bypass grafting: a study using biomarkers
and cardiac magnetic resonance imaging. Ann Thorac Surg.
2011;92:2046–53.
15. Schiller NB, Shah PM, Crawford M, DeMaria A, Devereux R, Feigenbaum H,
Gutgesell H, Reichek N, Sahn D, Schnittger I, et al. Recommendations for
quantitation of the left ventricle by two-dimensional echocardiography.
American society of echocardiography committee on standards,
subcommittee on quantitation of two-dimensional echocardiograms.
J Am Soc Echocardiogr. 1989;2:358–67.
16. Perkins SL. Examination of blood and bone marrow. In: Greer JP,
Foerster J, Lukens JN, Rodgers GM, Paraksevas F, Glader BE, editors.
Wintrobe’s clinical hematology. 11th ed. Salt Lake City: Lippincott
Wilkins & Williams; 2003. p. 5–25.
17. Förhécz Z, Gombos T, Borgulya G, Pozsonyi Z, Prohászka Z, Jánoskuti L.
Red cell distribution width in heart failure: prediction of clinical events and
relationship with markers of ineffective erythropoiesis, inflammation, renal
function, and nutritional state. Am Heart J. 2009;158:659–66.
18. Patel KV, Ferrucci L, Ershler WB, Longo DL, Guralnik JM. Red blood cell
distribution width and the risk of death in middle-aged and older adults.
Arch Intern Med. 2009;169:515–23.
19. Lippi G, Targher G, Montagnana M, Salvagno GL, Zoppini G, Guidi GC.
Relationship between red blood cell distribution width and kidney function
tests in a large cohort of unselected outpatients. Scand J Clin Lab Invest.
2008;68:745–8.
20. Isik T, Uyarel H, Tanboga IH, Kurt M, Ekinci M, Kaya A, Ayhan E, Ergelen M,
Bayram E, Gibson CM. Relation of red cell distribution width with the
presence, severity, and complexity of coronary artery disease. Coron Artery
Dis. 2012;23:51–6.
21. Wen Y. High red blood cell distribution width is closely associated with risk
of carotid artery atherosclerosis in patients with hypertension. Exp Clin
Cardiol. 2010;15:37–40.
22. Lippi G, Targher G, Montagnana M, Salvagno GL, Zoppini G, Guidi GC.
Relation between red blood cell distribution width and inflammatory
biomarkers in a large cohort of unselected outpatients. Arch Pathol Lab
Med. 2009;133:628–32.
23. Salvagno GL, Sanchis-Gomar F, Picanza A, Lippi G. Red blood cell
distribution width: A simple parameter with multiple clinical applications.
Crit Rev Clin Lab Sci. 2014;23:1–20.
24. Fatemi O, Paranilam J, Rainow A, Kennedy K, Choi J, Cutlip D, Pencina M,
Berger PB, Cohen DJ, Kleiman NS. Red cell distribution width is a predictor
of mortality in patients undergoing percutaneous coronary intervention.
J Thromb Thrombolysis. 2013;35:57–64.
25. Isik T, Kurt M, Ayhan E, Tanboga IH, Ergelen M, Uyarel H. The impact of
admission red cell distribution width on the development of poor
myocardial perfusion after primary percutaneous intervention.
Atherosclerosis. 2012;224:143–9.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Gurbuz et al. Journal of Cardiothoracic Surgery  (2016) 11:48 Page 10 of 10
